Background--In ST-segment-elevation myocardial infarction (STEMI), troponins are not needed for diagnosis: symptoms and ECG data are sufficient to activate percutaneous coronary intervention. This study explored the prognostic value of new-generation troponins in a real-life cohort contemporarily treated for STEMI.
T he high clinical sensitivity and myocardial tissue specificity of troponins have positioned them as the quintessential biomarker for myocardial damage and the preferred biomarker for diagnosing myocardial infarction (MI). 1 However, in the setting of ST-segment-elevation MI (STEMI), diagnosis does not require troponin measurement: symptoms and ECG data are sufficient to activate a percutaneous coronary intervention (PCI). It is well known that, after an STEMI, cardiac troponins correlate with infarct size in the short-term phase 2, 3 and with left ventricular remodeling during the long-term. 4 Nevertheless, it is uncertain whether serial troponin measurements provide true value in clinical predictions of STEMI in the era of primary PCI. Accordingly, this study aimed to evaluate the prognostic value of peak troponin levels in patients with STEMI over standard prognosticators. We measured troponins with a sensitive-contemporary troponin I (sc-TnI) assay and a high-sensitivity cardiac troponin T (hs-TnT) assay.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Study Population
The RUTI-STEMI Study was a prospective observational study that included consecutive patients with STEMI admitted to a single center (affiliated with the "Catalan Codi Infart') who were treated with primary PCI between February 22, 2011, and August 31, 2015. The center served a population of 817 000 inhabitants, mainly distributed among 4 urban areas. Each area had a hospital that lacked primary PCI services, located 2, 7, 20, or 45 km from the center. The diagnosis of STEMI was established when patients presented with chest pain and an ECG showed ST-segment elevation in 2 or more contiguous leads (elevation was defined as a minimum of 0.1 mV in the frontal leads and 0.2 mV in the precordial leads) or with a left bundle branch block (new onset or indeterminate chronology) that evolved within 12 hours. 5, 6 Baseline demographics and clinical data were recorded during hospital admission. At 3 specified time points (primary PCI, at 12 hours, and at 24 hours), blood samples were obtained and processed for central laboratory estimations of cardiac troponins; peak troponin levels were determined. The left ventricular ejection fraction (LVEF) was assessed within the first 24 hours of admission with echocardiography (Agilent Sonos 5500-Philips and ie33-Philips) using the Simpson method. The local Ethics Committee approved the study, and participants provided informed consent.
sc-TnI Assay
sc-TnI levels were measured with a sandwich chemiluminescence immunoassay based on LOCI technology (Troponin I LOCI Siemens, RF621) on the automatic analyzer Dimension EXL Integrated Chemistry System (Siemens Diagnostics). As described by the manufacturer (RF 621, 2009-04-22 Siemens Healthcare Diagnostics Inc), the 99th percentile for normal was 0 to 56 ng/L, and the functional sensitivity (limit of quantification with a coefficient of variation of <10%) was 50 ng/L. The analytic measurement range for LOCI Troponin I measured in Dimension EXL was 17 to 40 000 ng/L, without any dilution or pretreatment. The manufacturer claimed that this assay was considered high sensitivity, on the basis of imprecision and other performance characteristics. However, in a recent population study, 7 it was classified as a sensitivecontemporary assay (sc-TnI), and the 99th percentile for normal was 34 ng/L (39 ng/L for men and 22 ng/L for women).
hs-TnT Assay
hs-TnT levels were measured with an electrochemiluminescence immunoassay (ultrasensitive troponin T method, ref 05092744 190; Roche Diagnostics) performed on a cobas e601 analyzer (Roche Diagnostics). The analytic performance of this assay has been validated. 8 As described by the manufacturer (ref 05092744 190; Roche Diagnostics), the 99th percentile for normal was 14 ng/L and the functional sensitivity (limit of quantification with a coefficient of variation of <10%) was 13 ng/L. The hs-TnT assay analytic range was from 3 to 10 000 ng/L. According to a recent population study, 9 it was classified as a high-sensitivity assay (hs-TnT), and the 99th percentile for normal was 15 ng/L (20 ng/L for men and 13 ng/L for women).
Outcomes
The primary outcome of this study was the composite of major adverse cardiovascular and cerebrovascular events (MACCEs), which were identified as all-cause death, nonfatal acute coronary syndrome, readmission for angina, heart failure, and stroke, by day 30, and from day 31 to the 1-year follow-up. For patients with recurrent events, the time to the first event was recorded. Hospital readmissions and deaths were identified by telephone contacts and from electronic patient records. What Are the Clinical Implications?
Statistical Analysis
• Serial troponin measurements using either troponin T or I (irrespective of the generation of the assay used) in STsegment-elevation myocardial infarction might not be beneficial for patient risk stratification in the modern era.
ratios (HRs) with 95% confidence intervals (CIs) are reported.
The following variables were incorporated into the regression models (one model for each troponin assay): age, sex, history of hypertension, diabetes mellitus, cerebrovascular disease, heart failure, MI, previous coronary artery disease, KillipKimball class category, LVEF, anterior infarct location, 
Data represent the number (percentage) or median (interquartile range). Wilcoxon rank-sum test was used for comparisons of continuous variables. BMI indicates body mass index; CABG, coronary artery bypass graft; hs-TnT, high-sensitivity troponin T; LVEF, left ventricular ejection fraction; MACCE, major adverse cardiovascular and cerebrovascular event; PCI, percutaneous coronary intervention; and sc-TnI, sensitive-contemporary troponin I.
multivessel disease, and time from symptom onset to revascularization. The proportional hazards assumption was evaluated by assessing Schoenfeld residuals. Adjusted Kaplan-Meier curves were performed to determine MACCE occurrence over time for patients in different tertiles of the distribution of peak hsTnT and sc-TnI levels. Both hs-TnT and sc-TnI showed linearity of risk. Receiver operating characteristic curve analyses were performed to evaluate whether hs-TnT or sc-TnI peak levels could predict MACCEs at 30-days and between 31 days and 1 year. To assess whether there were any improvements in discrimination, calibration, and net reclassification by adding peak hs-TnT and sc-TnI levels to a clinical model, we performed receiver operating characteristic curve analyses and the Hosmer-Lemeshow (HL) test and obtained the risk category net reclassification improvement (NRI). Differences were considered statistically significant at P<0.05. All analyses were performed with STATA V.13.0 (StataCorp, College Station, TX).
Results

Baseline Characteristics
Of 
Cardiac Troponin Levels and MACCEs
Among all patients, the median hs-TnT peak was 3052.6 ng/L, and the median sc-TnI peak was 24.16 ng/L. At the 30-day follow-up, 49 patients (4.0%) died and 26 patients (2.1%) experienced hospital readmission for cardiovascular disease.
From day 31 to the 1-year follow-up, 32 patients (2.7%) died and 103 patients (8.6%) experienced hospital readmission for cardiovascular disease. When these events were considered mutually exclusive, the clinical composite end point occurred in 75 patients (6.1%) by day 30 and in 124 patients (10.8%) between day 31 and the 1-year follow-up (Table 2 ). An unadjusted analysis (logarithm-transformed variables) of data on day 30 showed that patients with MACCEs had a significantly higher median (IQR) hs-TnT peak level (8. (Figure 1) .
As shown in Figure 2 shows the adjusted Kaplan-Meier curves for the occurrence of MACCEs in the tertiles of hs-TnT and sc-TnI levels. Receiver operating characteristic curves were evaluated with C-statistics to determine whether hs-TnT or sc-TnI could predict MACCEs at 30 days and between 31 days and 1 year. C-statistics were 0.668 (95% CI, 0.596-0.738) and 0.578 (95% CI, 0.518-0.635), respectively, for hs-TnT, and 0.685 (95% CI, 0.617-0.757) and 0.587 (95% CI, 0.531-0.643), respectively, for sc-TnI. C-statistics analysis showed no significant differences in the predictive ability for 30-day MACCEs of the clinical model alone relative to the clinical model with sc-TnI or hs-TnT (P=0.836 and P=0.833, respectively). Likewise, the predictive ability for MACCEs between 31 days and 1 year of the clinical model with sc-TnI or hs-TnT was similar to that of the clinical model alone (P=0.797 and P=0.959, respectively). Also, calibration and net 
Discussion
This study comprehensively investigated the value of 2 different new-generation cardiac troponin assays (hs-TnT and sc-TnI) for predicting MACCEs in a cohort of unselected patients with STEMI who were followed up for 1 year. After adjusting for clinical predictors, peak concentrations of cardiac troponins were not statistically significantly associated with the MACCE incidence during follow-up. This finding suggests that serial measurements of troponin levels in STEMI did not provide additional information for patient risk stratification.
In this RUTI-STEMI study, the overall incidence of MACCEs was broadly consistent with rates reported in previous studies on patients with STEMI. 10, 11 Significant STEMI-driven morbidity and mortality emphasize the need for early risk stratification, which might identify high-risk subjects who could benefit from monitoring and more aggressive treatment after the index event. Biomarkers have emerged as accessible and reproducible tools that can aid clinicians by facilitating the identification of patients at risk. Previous investigations have established that cardiac troponins provided added value to the risk assessment of patients with STEMI. Associations between peak levels of cardiac troponins and long-term outcomes in STEMI have been previously reported. Boden et al 12 reported that, in addition to the peak value, all other fixed-time hs-TnT values were associated with adverse outcomes 1 year after STEMI. Hall et al 13 performed a post hoc analysis of data from the PROTECTION AMI (The Inhibition of Delta-Protein Kinase C for the Reduction of Infarct Size in Acute Myocardial Infarction) trial with the Acces AccuTnI assay. They determined that troponin I measured after a primary PCI was statistically significantly associated with clinical outcomes and cardiac function during a 3-month follow-up. Buber et al 14 also used the Acces AccuTnI assay and found that higher and later peak contemporary troponin I levels were associated with a more complicated hospital course. These results, which clearly differ from those found in our study, should be analyzed with caution, because of the small sample size or the strict inclusion and exclusion criteria, which results in the analysis of patients with fewer comorbidities that do not reflect routine clinical practice. In contrast to the studies previously mentioned, our results did not show significant associations between the hs-TnT or sc-TnI peak levels and the composite end point at follow-up. A reasonable explanation for this discrepancy was that we included the LVEF during admission into the multivariate Cox regression model. Including the LVEF in the regression analyses attenuated the HR of troponin to the point of nonsignificance. This covariate was systematically excluded from the previously mentioned studies, despite the fact that it is performed routinely in this population. Moreover, LVEF was shown to be an independent predictor of 1-year survival in patients with STEMI, and it strongly determined left ventricular function convalescence and myocardial recovery, even in the era of primary angioplasty. 15, 16 Some studies have investigated the prognostic impact of troponin levels measured at admission, before a primary PCI, but the results have been controversial. Wang et al 17 evaluated hsTnT in a small cohort of patients and demonstrated that admission troponin measured before primary angioplasty was strongly prognostic of MACCEs at 30 days and 1 year. Giannitsis et al 18 evaluated a qualitative and quantitative rapid bedside contemporary troponin T assay in another relatively small population. They found that the rates of all-cause mortality at 30 days and at 9 months after STEMI were significantly higher in patients positive for contemporary troponin T than in those negative for contemporary troponin T, but these groups showed no differences in the combined end point. Finally, Bj€ orklund et al 19 performed a substudy of the ASSENT-2 (Assessment of the Safety and Efficacy of a New Thrombolytic) trial, with a selected population and with a third-generation contemporary troponin T assay. They found that a positive troponin at admission tended to be independently related to 30-day and 1-year mortality, but the relationships were not statistically significant. Our study was not strictly comparable with those studies, because we did not perform a separate analysis of troponin measured at admission; thus, our results did not resolve that controversy. Nevertheless, in the modern era, those results cannot be translated into routine clinical practice, because of the irrelevance of troponins in the diagnosis process and the urgency of revascularization in these patients, which does not permit unnecessary delays; for these reasons, pre-PCI measurements are not available for all patients, and they are not performed routinely in some hospitals.
Our results require validation in other cohorts of patients with STEMI. However, they suggested that the current practice of performing serial cardiac troponin measurements to establish a peak level has questionable predictive value. Likewise, the use of high-sensitivity troponin measurements in this context is unnecessary, because values are very high and high sensitivity is unnecessary for these samples. Alternatively, in the context of personalized medicine, recent studies have demonstrated that, in combining multiple biomarkers, each biomarker had incremental value, because it reflected a complementary pathway in cardiovascular disease among patients with STEMI. In that type of multimarker risk stratification approach, cardiac troponins should be considered valid surrogates of cardiac injury. 20, 21 Our results also consistently showed that age and the Killip-Kimball classification were important predictors of the occurrence of MACCEs in patients with STEMI. These findings were consistent with previous research. Indeed, these predictors have been included in risk scores that are widely applied in this population. [22] [23] [24] [25] Some limitations of the current study deserve mention. The study had a single-center prospective study design, and the results must be interpreted in that light. Despite this limitation, our findings were representative of a broad range of unselected patients with STEMI, which reflected a real-life clinical scenario in our daily practice. However, we used 2 specific troponin assays; thus, generalizations to other troponin assays might be limited. Comparisons among different troponin assays has been difficult, because of the lack of standardization among assays. Event rate for death was low (5 deaths within 30 days and 22 deaths within 1 year), precluding any conclusions on the prognostic information on mortality associated with hs-TnT or sc-TnI. Measurements of hs-TnT and sc-TnI were limited to the initial 24 hours, with no measurement beyond. During this time, troponin values are dominated by reperfusion and are not helpful to estimate infarct size.
Conclusions
This RUTI-STEMI study indicated that serial troponin measurements using either troponin T or I (irrespective of the generation of the assay used) in STEMI might not be beneficial for patient risk stratification in the modern era. Because measuring peak troponin levels requires serial sampling with considerable accompanying costs, our data suggest that the value and cost-effectiveness of routine troponin measurements in STEMI should be reevaluated.
